In tomato soilless culture, slow filtration allows one to control the development of diseases caused by pathogenic micro-organisms. In this study, columns of two filter units were inoculated with 5 selected bacteria (3 strains of Pseudomonas putida and 2 of Bacillus cereus). One of the two filters had been inoculated a year before the other, but both series of analyses were conducted on the same year. Fungal elimination (Fusarium oxysporum and Pythium spp.) was usually successful at about 98 to 99.9% all over the cultural season after one year and two years of filtering by the two systems. Bacteria populations were generally more numerous onto the different layers of pouzzolan grains in the two-year-old filter than in the one-year-old filter. High biological activity was detected at a 40-cm depth from the top in the two-yearold filter; in the other one it was found only at 20 cm. This high colonisation of the filtering medium by bacteria coincided with the removal of fungi from the solution flowing through the columns. Therefore, the biological activation of filter units constitutes a reliable method to standardise slow filtration efficacy.
INTRODUCTION
In soilless cultures, water supply is one of the main sources for the introduction of pathogenic microorganisms since reservoir and surface waters like rivers are frequently contaminated by pathogens, i.e. Pythium spp., Fusarium oxysporum (Stanghellini and Rasmussen, 1994) . Moreover, the equipment of greenhouses with « closed » systems to minimise pollution by re-using the run-off solution makes them at risk of pathogen spread into the recycled nutrient solution (McPherson et al., 1998; Van Os, 1999) . Thus, preventing pathogenic infections through appropriate disinfection of nutrient solutions has become a major challenge.
In the last decade, among the systems which have been proposed for disinfecting nutrient solutions, the slow filtration technique has aroused considerable interest (Ehret et al., 2001; Rey et al., 1999; Runia, 1995; Wohanka, 1995) . Despite the long history of this type of filtration in the drinking water industry, its introduction in horticultural production systems is recent. During the disinfection process, nutrient solutions flow slowly through a filter unit filled with different filtering supports: sand, rockwool flocks or pouzzolan grains. Mechanical and biological factors such as micro-organisms with antagonistic properties are thought to be responsible for the system effectiveness. Different studies have evidenced the elimination, at substantial efficiency rates, of zoosporic fungi, e.g. Phytophthora spp, pathogenic bacteria and even viruses (Ehret et al., 2001; Van Os et al., 1999) . But, according to Déniel et al. (2004) and Calvo-Bado et al. (2003) there is a limitation to the benefits of this disinfecting technique: indeed, full efficiency is often reached only after a variable period of time, which may extend to 6 months. This length of time can be shortened by a biological activation of the filter unit achieved through inoculation with selected bacteria. After selection by researchers of our group of 5 bacteria (3 Pseudomonas putida strains and 2 Bacillus cereus ones) from a filter whose efficiency to eliminate pathogens had been proven over years, these bacteria were introduced in a new column. The 6-month period needed by the control filter to reach its best efficacy against Fusarium oxysporum was shortened for the bacteria-amended filter because it demonstrated a high filtration power over the first month of use. Fungal removal coincided with the development of an active microbial population on the pouzzolane grains contained in the filter unit (Déniel et al., 2004) . This led us to pursue our investigations by assessing the efficacy of one-year and two-year-old filters; both were inoculated with the 5 bacteria previously selected just before starting the filter unit. Moreover, microbial colonisation of pouzzolan grains was followed throughout the cultural season by sampling some of them from the upper surface layer; on the other hand, the colonisation within the whole filter units was examined at the end of cultural season.
MATERIAL AND METHODS

Filter Unit
Two filter units were used for these investigations; each of them consisted of a 220-cm-long plastic pipe (40 cm in inner diameter) filled with pouzzolan grains (2-to 4-mm in diameter) and gravel. Water flew through a 110-cm-thick layer of pouzzolan grains laid at the top of three layers of graded gravel (16-32, 8-16, 2-8 mm) ; the overall thickness was 40 cm. The upper water layer was regulated by a float switch at 40-50 cm above the pouzzolane surface. The filtration rate ranged within 100 -150 L.h -1 .m -2 . The filter units were set within 2 independent compartments of an experimental tomatosoilless greenhouse at room temperature. One should note that the roots of tomato plants were grown in plastic slabs filled with coco-fiber substrate.
Inoculation of Filter with Bacteria
In a previous study, 5 selected bacteria isolated from pouzzolane grains of a very efficient filter had been identified as P. putida (strains L2, L4 and L5) and B. cereus (strains L1 and L3) (Déniel et al., 2004) . Prior to their inoculation to filter units, these bacteria were, first, pre-cultured for 18 to 24 h at 30 ± 1°C in tubes filled with 9 mL of Tryptic Soy Broth (TSB). For each bacterium, 1 mL of pre-culture was poured in 250-mL Erlenmeyer flasks filled with 150 mL of TSB. Three Erlenmeyer flasks were used for strain L1, 18 for L2, 3 for L3, 11 for L4 and 5 for L5; the number of Erlenmeyers used per strain corresponded to the estimated proportion of each bacterium at isolation. The cultures were incubated for 24 h on a rotary shaker (120 rpm) in the dark at 30 ± 1°C. Inoculation was made by pouring the content of all the Erlenmeyer flasks; the total volume of inoculum was 12 L. The first inoculation was performed at the end of February (start of cultural season), and the second one two weeks later. Though one of the filters had been inoculated a year before the other, both series of analysis were conducted on the same year.
Nutrient Solution Sampling
To test the effectiveness of slow filtration, samples of the nutrient solution were collected in triplicate from April to September just before it flew through the filter; each time, three other samples were also taken from the filter effluent. Detection of potential fungi focused on Pythium spp. and Fusarium oxysporum because both are keycomponents of roots and nutrient solution microflora in soilless greenhouses. The concentration of Pythium spp. and Fusarium oxysporum was determined on nutrient solution samples filtered through a 0.45-µm membrane. Filters were plated on selective media named CMA-PARP for Pythium spp. and Komada for F. oxysporum. Pythium thalles were counted after incubation of the plates for 48 h at 25°C in the dark, whereas F. oxysporum propagules were counted 5 and 7 days after incubation under the same conditions. Results were expressed in percent of eliminated micro-organisms.
Assessment of Pouzzolan Grains-plated Bacteria Colonies
Between March and September some grains of pouzzolan were monthly collected from the upper layer to study the bacterial populations responsible for their colonisation. The following specific media were used for bacterial population counts: Plate Count Agar (PCA) for mesophylic aerobe bacteria, antibiotics-amended Glucose-Agar (GA) for Bacillus spp., Cetrimide-Fucidine-Cefaloridine (CFC) for Pseudomonas spp. and King B for fluorescent Pseudomonas. These counts were expressed in Colony Forming Unit (CFU) per pouzzolan gram. At the end of cultural season (November), other pouzzolan grains from both filter units were taken every 10 cm to count bacteria populations. Data significance was assessed with the Least Significant Difference (LSD) test at 95% of confidence. The statistical program used for analysis was StatGraphics software, release 4.0, developed by Manugistic Inc., Rockville, USA.
RESULTS
Elimination of Fungi Contained in Nutrient Solution after Slow Filtration
The re-circulating nutrient solutions used in the greenhouse of concern here were regularly invaded by different fungi, in particular Pythium spp. and F. oxysporum. Over our 6-month experiment (April -September) their elimination by slow filtration through filters amended with selected bacteria demonstrated the technique efficacy (Tables 1 and  2 ). Indeed, with the two-year-old filter, F. oxysporum was eliminated at about 99%. Table  2 highlights that very similar percentages were obtained with the one-year-old filter, the lowest value being 97.6% in May. Pythium spp. was also eliminated by both filters at high rate ( Table 1) . The one-year-old filter had a removal of 98% at least, except in April where it was only 87%.
Evolution of Bacterial Populations on Pouzzolan Grains at the Surface of the Two Filter Units
All the samples of pouzzolan grains collected at the top of filter were highly colonised by various bacteria belonging to the mesophylic aerobe microflora (Fig. 1) . Among the populations detected in both filters, the largest ones were found over the first two months in the one-year-old filter, then they decreased and levelled off from June to September. From May to September, bacteria populations were more important in the two-year-old filter than in the other one (Fig. 1) . Bacillus spp., Pseudomonas spp. and fluorescent Pseudomonas were also detected on pouzzolan grains. With the exception of March for the one-year-old filter, Figure 2 shows the lack of significant difference about populations of Pseudomonas spp. between both filters; the same profile was obtained with fluorescent Pseudomonas (data not shown). Conversely to other bacteria, Bacillus spp. regularly colonised more pouzzolan grains between June and September (data not shown).
Bacterial Populations on Pouzzolan Grains Inside the Two Filters Units
A typical vertical profile was found with respect to the distribution of bacteria within each filter. The upper 20-cm-pouzzolan grain layer of the one-year-old filter was heavily colonised by the mesophylic aerobe microflora (Fig. 3) , Pseudomonas spp., fluorescent Pseudomonas and Bacillus spp.; then, these populations decreased and levelled off from 30 to 100 cm. A similar profile was got with the two-year-old filter with a high colonisation of the upper 40-to 50-cm of pouzzolan grains followed with lower and stable numbers of bacteria in the other layers (Fig. 3) . It is worth noting that, at each layer of the filter units, the bacteria populations were significantly larger in the two-yearold filter than in the other one.
DISCUSSION
The present study demonstrated that biological activation of slow filter units with 5 selected bacteria (3 P. putida strains and 2 B. cereus strains) resulted in a very high elimination (generally about 98 to 99.9%) of fungi such as F. oxysporum and Pythium spp. all over the cultural season. The similar results obtained over the first and second years after filter inoculation with bacteria indicate that the monitoring of micro-organisms within the column constitutes a reliable method of control to standardise slow filtration efficacy.
In a previous study, Deniel et al. (2004) demonstrated that, over the first month following the introduction of P. putida and B. cereus strains in a filter unit, the bacterial colonisation of pouzzolan grains was always high as compared to a control filter with no prior amendment by bacteria. In this experiment where both units had been amended with selected bacteria, the pouzzolan grains at the top of both filters were colonised with mesophylic aerobe bacteria, Bacillus spp. and Pseudomonas spp.; some populations, e.g. Pseudomonas spp., were of quite alike size. However, at the end of the cultural season, sampling of pouzzolan grains at different depths within the filter units showed generally more numerous bacteria in the two-year-old filter than in the other one. High biological activity was detected at a 20-cm-depth in the one-year-old filter, and 40 cm in the other. This fast and high colonisation of the filtering medium by an active microbial population coincides with the removal of fungi from the solution flowing through the filter units.
During this experiment the 5 inoculated bacteria were driven to the plants by the nutrient solution through a leakage process (data not shown). These bacteria are nonpathogenic for plants and promote the growth of young tomato plantlets (Déniel et al., 2004) . However, their effect on the root system is unknown. Are they responsible for generating a suppressive potential in soilless cultures alike other micro-organisms (Postma et al., 2000) ? The question is still open. However, according to McPherson et al. (1995) , the use of a « passive » method, (slow filtration) as opposed to « active » ones (heat treatment, ozonisation and UV radiation) is highly recommended to favour this beneficial microflora in soilless cultures.
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